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PRESENTATION PLAN

Electrolysis, Methanation, Oxycombustion
Overall concept

Main components

Steady state performance

Efficiency

Sensitivity analysis

Dynamic behavior & intermittent operation
Transient response

Case study
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EMO unit

Concept, Main components
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EMO CONCEPT

COg Cavert 7 C
Power-to-Gas Electrolysis + Methanation og‘

Gas-to-Power Oxycombustion plant
Storage underground caverns

+ Oxygen utilization
+ Easy carbon dioxide capture
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Water purification:
PEM ELECTROLYSIS : PROCESS LAYOUT ~ Reverse osmosisand detonization
Electric conversion:
== ==Be T T T TTTTTTooomssssooes - gl I miabetaltat Converter and rectifier assembly
PEM module @_
PEM stack::

Anode : H,0 - 0.50, + 2H* + 2e~

Cathode : 2H" +2e~ - H,

Overall : H,0¢y — 0.5 02(9) + Hz(g)
PEM Module:

Hydrogen and oxygen loops : separator
vessels, pumps, resins, water condensers

1 Water
| purification

Hydrogen
purification

PEM
Stack

()

Cooling system:
Stack thermal regulation, gas cooling
and rectifier cooling
__________________ Hydrogen purification :
Catalytic reaction and water adsorption
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METHANATION : PROCESS LAYOUT

4 stages methanation based on TREMP™ Process :
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* Adiabatic fixed-bed reactors

* (Catalyticreaction

Highly exothermal reactions

* Stoichiometric ratio: H,/CO, =4

CO, Methanation = CO; + 4H,S CH, + 2H,0

=)
°

CO Methanation  CO +3H,S CH, + H,

RWGS Hy +C0;5 CO + Hy0 « Recycled flow at first reactor
* Water condensation before last reactor
Q [
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OXYCOMBUSTION : PROCESS LAYOUT

The oxycombustion plant consumes oxygen
produced by the electrolysis process to burn
SNG and produce a CO, rich flue gas :

CH, + 20, > CO, + 2H,0

v High, medium and low pressure turbines
v' Steam injection at 15t oxy-boiler
v Flue gas injection at 2" oxy-boiler

|
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Steady state
performance

Efficiency, Sensitivity analysis
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PEM ELECTROLYSIS : TEST RIG MODEL

30% glycol
1.2 bars, 3°C

STACK
88.0%

10 Nm3/h
14 bars, 7°C

1.1 AJcm?
1.8 V/cell
73 cells

30% glycol
1 bars, 25°C

B3

COOLING

20 Nm#/h

15 bars 68°C 8.4%

2 N HHV
crane \_@4 T]PEM = — Hz’prOd - = 65-0%
. Wel,Stack/TIRec + Wel,BOP

9, °
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PEM ELECTROLYSIS : SCALED UP PROCESS

v Scale up strategy : Modular design to satisfy the requirements ﬁ’lﬂgﬁﬁ
of flexibility, deployment and investment cost.
Chosen configuration : 20 electrolysis modules of 10 MW, each. L0610
Operating current density : 10 A/cm? for cost-effective stacks

with similar energy performance.

ANERN

—6—R&Dresults  —&—Current 70 kW machine

90%

1A/cm?

85% -

Efficiency [%HHV]
0o
8

.5 Afem?

ACHE

75% -

70%

0.0 0.5 10 1.5 2.0 2.5

Stack CAPEX 2017 [M€/MW] O .
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PEM ELECTROLYSIS : SCALED UP PROCESS

—&— H2 production [MW£] —A— Consumption [MWe] —=— Efficiency [%HHV]

16 ¢ 76% RENEWABLE
E ELECTRICITY
L = 0y
14 /4% 14.4 MW
12 - 72%
- =
z 10 ¢ © 70% =
= g =
T 8 - 68% >
= 5
£ 6 - 66% O
=
L
4 - 64%
2 - 62%
0 60%
10 20 30 40 50 60 70 80 90 100 Y
i 2 NHz,prodHHV
Current density [A/cm?] = = 69.39,
PEM 4 W |
. el,Stack/nRec + el,BOP O

9, ®
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METHANATION : HEAT INTEGRATION

14 075 Nm3/h RICIBES
20 bars 35 °C
J COMPR

56 348 Nm3/h e
20 bars 35°C

. [ L

e =1

HL___ ENDFLASH

14 519 Nm3/h
20 bars 35 °C :*;g—

<@ Equilibrium curve Equilibrium at 21 bar

- - - - Reactorinlet temperature - - - - Water removal

1000

Temperature [°C]

0.0 01 02 03 04 05 0.6 07 0.8 0.9 1.0
Methane composition on dry basis [mole fraction]

Final product HHV : 10.73 kW.Nm-3
Wobbe index: 14.52 kW.Nm-3

CH, composition : 95.6%
Available heat: 42.1 MW,
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METHANATION : HEAT INTEGRATION

* Methodology : pinch analysis was preformed to recover heat using an optimized heat exchanger network (HEN)
* Results: 60% recovered as HP steam at 250°C and 34% as LP steam at 125°C

—6—Grand composite curve —— Utility targeting 15 _1_
-7 8 ~, HP steam @ 330°C
1.4 -7 2 )
W I o ® ,0 ,"
— =13 . 9 ese ’ HP steam @ 250°C
& =< P ® 4135 g,’ S
- (] ! - Bl nl R R il ~
g 21'2 \.6 '—”,*" .
-E ‘g 1.1 S - - P P |
é 8 -6 10 ®9 e38 2 ° 7
. 7 ’
k3 § 1.0 ; ~5 001 i
® -
0.9 \ 4 3 l.-
S~ ®6 ="
og - — =777
0.0 50 100 150 200 250 300 350 400 450 3080 3100 3120 3140 3160 3180 3200 3220 3240
Enthalpy [MWi] Utility Profit Index [€/hr]
94% of avﬂable heat is recovered as steam 20 different HEN were compared to find optimal design

9, °
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METHANATION : HEAT INTEGRATION

Q=0,00 é Q=0,00 Q=0,00

S S— 1 . .
| . _ Nong-HHV + Wheqt
: RIS ¥ SEPUUURUR SNG — - "
. i Wpem + Waux

= 82.2%
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OXYCOMBUSTION : PERFORMANCE

CH4
02
H20
Flue gas

o M—
Power _ _

86 561 Nm3/h
20 bars 35 °C

\

166 977 Nm3/h
20 bars 35°C

83 731 Nm3/h
20 bars 32 °C

1395 °C

11 bars
1318 °C

814 °C

Inlet temperature [°C]

1600

1500

1400

1300

1200

1100

1000

SNG

928 MW

—— HP turbine  ——IP turbine  ------ Cycle efficiency
N 1 51.8%
S
Turbine inlet o
temperature limitation
72% 73% 74% 75% 76% 7% 78% 79% 80%
Recycle ratio
ELECTRICITY
PRODUCTION

15

53%

L 52%
L 51%
L 50%
L 49%
L as%
L oa7%
L a6%
- 45%
L 4%

43%

Cycle efficiency
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EMO UNIT : PERFORMANCE

'"0 (20\
Ny N 7
288 M O 35 8 1=
o —— &y
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b . | Methanation > A=
20 Electrolysis < 155 MW combustion
20x10 MW 480 MW
—’ =82. 0, —’
1=69.3% W 1=51.8%
| A A
| N
| —~ 7
SRR / 1) *\Zﬁo‘ ~ {2l [63)
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oC -~ > / Bs
T il Cam
S --Power»>
¢ PtG efficiency 57.3%

16

——»

Round-trip efficiency 29.7%

9,
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Power-to-Gas Dynamic
Operation

Control system, Transient response, Case study
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PEM ELECTROLYSIS : TRANSIENT STATE

Stack inlet T Stack outlet T Product T
90 ‘
on F rall \
1. Start up phase . ——Stack outlet T ——02 Pressure  ——H2 Pressure
v" Cold start up is performed to reach rated power %0 25
v' Less than 5 min are required to reach nominal power 80 f 2
Y0 w
% 60 - 15 8
® o
g 50 S 10 2
2. Standby phase: £ 4
. | . o 40 o
v System operation without hydrogen production w0 | -5
v" Around 4 hours before reaching room temperature » i .
0.0 30.0 600 90.0 1200 150.0 180.0 210.0 240.0 270.0 300.0
Time [min]
E 10
® g
5
0
0.0 50 10.0 15.0 20.0 25.0 30.0

Time [min]
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METHANATION : TRANSIENT STATE

......... Rl1in ——R1out s R200N

R2 out

[T
5 8
g:n
s 8

Ramp-up and ramp-down operation

U’ 500 O 500
v" Ramp-up : from minimal to nominal load : 48% to 100% e E
v Ramp-down : from 100% to 48% - 3
v’ Operation range set to keep temperature between 250 G e 5

a nd 6000C ..... . el e

—o—H2 feed flow —e—CO2 feed flow

™
o
(=]

g
g

°3%R3R3R8R8338938 °2839838R 858988988
6 .
Ramp-up andr eration Time [min] Time [min]
— 500
v' 50 min to reach steady state at ramp-up phase R3in R3out e RN R out
£ #0000
v 85 min to reach steady state at ramp-down phase 600 600
E © 550 550
E 20000 O s & so0
- 10000 / \‘ o Y 450 2
0 % 400 %
S2RR3%RBEBREIERIFEE S 2 Z
T - 5
ime [min] © 5
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CASE STUDY : WIND ENERGY STORAGE

. August
Wind park performance 3000

20

v" SAM tool to generate power production profiles 2500
v" Two modeled periods: summer and winter
v' Rated power of 300 MW,

Power [MW]

= allh mem ¥

0
24 =
48;,__r——
72}-
o

R3I85092RoR3IBFBRIIILEIENRA
L e B B e A I S e s B o T B s S o A M SN o BT S R To T o I Ve R Ca s B T B Vo T
Time [h]
Power-to-Gas
13 e ey . Wind ——H2 Producti ——SNG ducti
v’ High flexibility of PEM electrolysis system e A prosheen
v' Limited operational periods for methanation process February
300.0
250.0
EZO0.0
=
. 150.0
@
E 100.0
50.0 m [L
0.0 I
CLRRRRIRUIBULI IS RT NIRRT 2R
L B B B o B o e A e I S I TSR T A A S B Y Y BT & BRLo B s BV o B Co Vo B
Time [h]
Wind energy ——H2 Production = —— SNG production
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WIND POWER
64.9 GWh

Summer

WIND POWER
119.6 GWh

Winter

0e0000D000000000 21

CASE STUDY : WIND ENERGY STORAGE

Prediction of the monthly
production of hydrogen and
synthesis gas from wind energy:

Wind M Hydrogen MSNG

Energy [GWh]

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

- Annual consumption of 91,752 tonnes of
CO,, equivalent to an annual operating
time of 560 hours for the oxy-combustion
process.

> 6.1% of SNG backup required 0O
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